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DATA REPORT FOR TESTS ON THE HEAT TRANSFER 
EFFECTS OF THE 0.0175-SCALE 
ROCKWELL INTERNATIONAL SPACE SHUTTLE VEHICLE MODEL 
22-OT IN THE AEDC 50-INCH B WIND TUNNEL (OH4B) 


By 
T. F. Foster and W. J. Grifall, 


Rockwell] International Space Division 
W. Martindale, AEDC 


ABSTRACT 


Results of wind tunnel heat transfer tests of 0.0175-scale Rockwell] 
International Space Shuttle Vehicle configurations for orbiter alone, 
tank alone, and orbiter plus external tank are presented in this report. 
Body flap shielding of SSME's during simulated entry was also investi- 
gated. 

The tests were conducted at Mach 8 for thirteen Reynolds number per 


foot values ranging from 0.5 x 706 to 3.72 x 106, 
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ble for any future applications. 
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INTRODUCTION 


The experimental investigation described in this report was performed 
to obtain aerodynamic heating rate data in both ascent and entry flight 
regimes of the Space Shuttle Vehicle. Second stage ascent interference 
heating was investigated with the orbiter alone, tank alone and orbiter 
plus external tank configurations at angles of attack of -10°, -5°, 0°, 
and 5° and sideslip angles of 0° and -2°. 

Orbiter entry heating data was obtained over an angle of attack range 
of 25° to 45° for sideslip angles of 0° and 5°. Effects of control surface 
deflections and body flap nozzle shielding were also investigated. 

The test program was conducted in the Arnold Engineering Development 
Center VKF 50-inch B tunnel at Mach 8 for free-stream Reynolds number per 


6 6 


foot values from 0.5 x 10° to 3.72 x 10°”. 
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NOMENCLATURE 


Symbol cil Definition 
b model skin thickness, span, in 
C chord, in 
Ch specific heat of model material, BTU/1bm - “R 
h heat transfer coefficient, BTU/ft2-sec-°R 
her HREF reference heat transfer coefficient, BTU/ft¢-sec-R 
hs/No HI/HO ratio of interference heat transfer coefficient 
to stagnation heat transfer coefficient 
ha/hy HI /HU ratio of interference heat transfer coefficient 
to undisturbed heat transfer coefficient 
hy/hy HU/HO ratio of undisturbed heat transfer coefficient to 
etaqnation heat transfer coefficient 
H enthalpy, BIU/1bm 
r HAW/HT adiabatic wall temperature ratio, Taw/To (recovery 


factor). NCTE: Where HAW/HT = 0.0 in displayed 

data, the heat transfer coefficient has been calcu- 
lated using a recovery factor calculated from Tay/To = 
(0.867+0.133 sin!+>° 4), where 6 = (a + ©). Alpha is 
the model angle of attack and theta is local surface 


angle. 
L length, in 
M MACH Mach number 
Re RN/L unit Reynolds number, per foot 
3 time, sec 
T temperature, °R 
T, stagnation temperature, °R 
T. initial temperature, °R 
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T/C 
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Plot 
Symbol 


X/C 


X/L 


X/LT 


cY/B 


L/BYV 


3. FLAP 


Beta 
ALPHA 
LEVON 
PH | 


PHIN 





NOMENCLATURE - Continued 


Definition 

adiabatic wall temperature, °R 
initial heat transfer rate, BTU/sec 
thermoceoup le 

model material density, Ibm/tt? 


axial distance from nose to corresponding 
component, in 


chordwise location, fraction of local chord 
longitudina! location, fraction of length 
spanwite distance irom centerline, in 
longitudinai Tosation oan tank, fraction of length 
waterplane distance, in 

spanwise locetioy of semispan 

vertical tai! location, fraction of height 
aileron deflection angle, degrees 

body tlap defiection angle, degrees 

rudder deflection angie, degrees 

sideship angie, degrees 

angle of attack, dedarees 

elevon deflect un dayie, degrees 

radial Jodction on tank, degrees 


radial locatian on orbiter nozzle, degrees 
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NOMENCLATURE - Concluded 


Subscripts 


adiabatic wall condition 
Initial condition 
Orbiter 

tank 

vertical tai] 

wall conditions 
Stagnation conditions 
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REMARKS 


During the course of mated configuration testing, it was felt that the 
forward canopy to wing bottom surface seam may have affected transition. 
This seam was repaired with dental plaster and 48 transition Study runs 
were made at the end of the test with the orbiter alone configuration. These 
runs (177-224) consisted of eleven Re/ft values at two angles of attack, 
and demonstrated that the seam did not prematurely trip the boundary laver. 

The original run schedule did not include obtaining data from the 1] 
T/C's on the windshield, but during the test high heating rates were ob- 
served in the canopy area. Therefore, three runs (#31, 32, and 3., were 
added to the run schedule to obtain this data. The first 11 T/C's of the 
data acquisition system switch position No. 1 were replaced with the wind- 


shield T/C's for these runs. 





4 — a PRN She eos FY ca! io fe be Ee ee ieee Te ore keer 
r rie aye 4, © SBOE RON aie SNE PF Aa ps Oe A AES TREES eal SOME AN EAE M CE eae, ete ebay Gye ae adel grrsniany tek Meant emnA 3 UME TNC pa EMRE SS UA By CRTEMEMT SE SE ne EEE ane SR RPT OY gan gy Oe eA, eG Pe TERN cba Tian SEU eRe MRE qeele Oa ar ERIS AS,Spayare t S Wg EE Cine weet mye ae ae Snes J 





CONFIGURATIONS INVESTIGATED 


The 22-OT model is a 0.0175-scale replica of the Vehicle 3 configuration 
Rockwell International Space Shuttle Orbiter and external tank per Drawing 
Number VL/70-000139. The model was a thin skin thermocouple model instrumented 
with 428 iron-constantan thermocouples and was sting mounted through the 
? orbiter base. ihe tank was sting mounted to the orbiter sting. 
Provisions were made to test elevon deflections of 0°, +5°, +10°; 
body flap deflections of 0°, +10°; and rudder flare angles of 0° and 40°. 
Entry orbiter nozzle heating data was obtained by replacing the orbiter 
main sting with an instrumented base plate and nozzle and an offset sting 
mounted through the vertical tail area. The offset sting simulated a rudder 
flare deflection angle of 40°, 
The main model structure is 15-5 PH stainless steel with instrumented 
areas of 15-5 PH and 17-7 PH. Thermocouple locations and local skin thick- 


nesses are presented in Table 4. The model instrumentation reference system 





is described in Figure 1. The configurations tested are described below 


witn the component definitions given in Table 3. 


Biz> Cys Mgs Fes Wiggs Enos V>, Re Orbiter alone (07) 

Byz> Cos Mgs Fes Wiggs Enos Vzs Ros Typ Orbiter plus tank (07 + Tyg) 
Tho Tank alone (Ty) 

Bias C, Ma» Fes Wi93? Enos Vo, Res N Descent orbiter alone nozzle 


heating (02) 
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TEST FACILITY DESCRIPTION 


The Arnold Engineering Development Center (AEDC) is an Air Force 
Facility located in Tullahoma, Tennessee. The tunnel used, Tunnel 8B, is 
located in the Von Karman Facility portion of this center. Engineering 
and other technical operations in this tunnel are performed by contractor 
personnel of ARO, Inc. 

Tunnel B is a continuous, closed circuit, variable density wind 
tunnel with an axisymmetric contoured nozzle and a 50-inch diameter test 
section. The tunnel can be operated at a nominal Mach number of 6 or 8 
at stagnation pressures from 20 to 300 and 50 to 900 psia, respectively, 
and at a stagnation temperature of up to 1350°R. The model may be in- 


jected into the tunnel for a test run and then retracted for model cooling 


or model changes without interrupting the tunnel flow. 











TEST PROCEDURES 


The model was installed upright for second Stage testing and offset- 
sting nozzle heating and transition studies. The orbiter was inverted for 
entry, orbiter alone testing. All configurations were leveled in both pitch 
and yaw planes. Yaw angles were obtained by combinations of roll and pitch 
with the tunnel model support system. 

All instrumentation leads were routed internally through the model sup- 
port apparatus to the data acquisition patching network outside the tunnel. 
Two hundred ninety one thermocouples were connected to the instrumentation 
patch board. Since the data acquisition System capability was ninety-seven 
recorded thermocouples per run, three runs were necessary for one test point. 
Each run of the test point series corresponded to one switch position (97 
channels) of the data acquisition system. 

The model was injected into the flow and remained on centerline for 
approximately one second. After retraction, the model was cooled to an 
isothermal state by air from high pressure manifolds. 

For orbiter transition studies and nozzle heating tests, the orbiter 
base and main sting were removed and replaced with an instrumented base plate 
and nozzle. The model was then mounted with an offset sting through the 
vertical tail area. Only two main engines were simulated and only the left 


nozzle was instrumented. Shadowgraphs were taken for each run of the program. 
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DATA REDUCTION 


Thermocouple outputs were recorded on magnetic tape at the rate of 
20 times per second from the start of the injection cycle until about 4 
seconds after the model reached the tunnel centerline. The heat transfer 


coefficient, h, was computed from the relation 


where 


model skin density, 1bm/#t? 


= 
i} 


b = model skin thickness, ft 


Cy = model skin specific heat, BTU/Ibm - °R 


ve = initial model skin temperature, °R 


This relation was derived from the equation 


qq 
aa Wbc dt 
| Toad 
0 W 


which neglects conduction losses and the assumptions that h, W, and 
Ch are constants. 
If conduction losses are indeed very small, then 
T -T.. 
In [ow] 
O 


Ny 


versus time is very nearly linear. Even when conduction effects 


are significant, a smal] linear portion of the curve can generally be found 
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at early time. It is for this reason that a linear least squares curve 


/(T T.)), begun as soon as it could be determined 


Fito intl. eT aril, 


fe) wi? 
that the model had reached uniform flow, was used to compute the derivative 


T -T.. 

df 1n (42 —)] 
0 W 
dt 


and then h. 
The tengths of the curve fits were kept as short as possible and yet 
be consistent with system noise characteristics. These curve fit lengths 


are given below: 


Range No. of Points 
dT 

32 << 5 
qT F 

16 < gp = 32 7 
dT 

2 a2"5: 16 g 





Mie eee ce me ape AC Mt Rice cies Ste ial ae ae SR ee i te die ee te co aks Le eal 2 ieh  Te ad le a ol ie a ee ee ea he ia oe a en eR aaa all Te did oie ile al TE atti ital chal tT ST al a el I le Se Laat al Gilt Or Sten UR ot tes ol RR et al a) 





REFERENCE 


ls Foster, T.F.: Pretest Information for Testing of the 22-0T 0.0175- 
Scale Thin Skin Thermocouple model in the AEDC 50-inch B Wind Tunnel. 
Rockwell International Publication Number SD73-SH-0237, September 4, 
1973. 





15 














TEST 3 —_ OH4P | 


TT er 





BALANCE UTILIZED: 


COMMENTS: 


NF 
SF 
AF 
PM 
RM 
YM 





| 7s x ore] 300 Sag 
2.00 x 10°/Ft} 425 
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eine oem VO. STL 200 850 





TABLE I. - TEST CONDITIONS 


DATE $ Sept. 1973 


TEST CONDITIONS 





REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE) 
(per unit length) (pounds/sq. inch) (degrees Fahrenheit) 
aenaien a ee ta oO ATR NY 
OS eNO tt 800 
lox ive | 200 815 
1.25 x 10°/Ft 825 
1.50 x 10°/ft} 325 835 
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TABLE III. - MODEL DIMENSIONAL DATA 


MODEL COMPONENT: BODY - B17 
GENERAL DESCRIPTION: Fuselage, 3 configuration, lightweight orbiter per 7 
Rockwell lines drawing No. VL70-0001.39 





Re SE IR I A SR Cal ral H NT me NaRRePI ry Mem aifen 8 A TE ee ATE ade remndaie. ; 
: Ss : yo: te ole ‘ ere as ~ 2 west z . rorya 
Sot ce a sla i ci a Bg ER ee eRe en ee - e cP — a fe eee 
Me 4 3 : at * 7 


MODEL SCALE: 0.0175 
DRAWING NO.: VL70 -000139 
DIMENSIONS: FULL SCALE MODEL ScALé 
Length - In. 1290.3 22 58025 1 
Max. width - In. 267.6 4.6830 : 
Max.depth - In. 2h. 5 4.27875 
Pineness Ratio | 4 82175 4 821.75 
Area - ft@ 
Max. Cross-sectional 386 . 67 Q.11842 
_ Planforn 


Wetted 


Base 
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TABLE III. - Continued. 


MODEL COMPONENT: CANOPY - C7 








GENERAL DESCRIPTION: Confi tion er Rockwell Lines VL70-0001 


Insufficient information to complete dimensional data at this time. 





MODEL SCALE: 0.0175 
DRAWING NUMBER: VL70-000139 


DIMENSIONS: MODEL SCALE 


Length (X, = 433 to X, = 670) - in FS 4.148 
Max. Width 
Max.Depth (Z) = to Z = 501) in FS 


Fineness ratio 


TE 


Area - ft© 
Max. Cross-sectional 
Planform 


Wetted 


Base 








TABLE III. - Continued. 


MODEL COMPONENT: OMS POD - M, 
a 


GENERAS, DESCRIPTION: Orbital maneuver{ System pods located on the orbiter Cae 





aft fuselage. 


nner ee 
MODEL SCALE: 0.0175 


a he tie 


DRAWING NUMBER: VL70-000139 , | 








DIMENSIONS: FULL SCALE MCUEL SCALE 
Length - In. 316-0 6.0550 
Max. Width - ln. 108.0 L.Gy3 | 
Max. Depth - in. 113.0 113.0 
Pineness Ratio PEPER T ON ee 
re - tte 


Max cross sectional 
Planform 
Wetted 
Base 
@ of OMS Pod 
WP = 463.9 In. FS; WP 400 + 63.9 = 463.9 
BP = 80.0 In. FS 


LENGTE: 1214.0 to 1560.0 = 346.0 In. FS 


a 
: Z te a es er ee Seccd a ee eee pee Bea tte . . 
Re ae CO PC ee a ee Be ree ae Ft a ake ee ne a | Pa ee a ee a | eee Oe TS ee, ee ee ee 


NOTE: M, is identical to M2 of 2A configuration, 
except intersection to body. 


2b 








TABLE III. - Continued. 


MODEL COMPONENT: BODY FLAP - Fs 


GENERAL DESCRIPTION: Confi tion per Rockwell Lines VL70-0001l 





NR 


a 


MODEL SCALE: 0.0175 
) DRAWING NUMBER: VL70-000139 


DIMENSIONS: FULL SCALE MODEL SCALE 
Length - In. 84.70. 1.48225 
Max. width - In. 267 .6 4.6830 
Max. Depth 





Fineness Ratio 
Area - ft 


Max Cross-sectional 











Planform Lh2 .51 0 04.365 
Wetted —————— 
Base 38.0958 0.01167 
| 
27 
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-TABLE III. ~ Continued. 


MODEL COMPONENT: = WING-W 103 


GENERAL DESCRIPTION: 


Confii.urevion 3 Croiter per Lines VL70-000139. 


NOTE: Same planform as wE7, except dihedral at TE 





a a —m. 


Scale Model = 9.9175 ) | 


JEST NO. OWG. NO. ViL70-001.2¢ 
DIMENSIONS: FULL~SCALE MODEL SCAL 
TOTAL DATA 
rea (lneo,) Ft? 
Planform 2690.00 0.8¢ 361 
Span (Theo In, 936.68 "10. 39190 _ 
Aspeci ratio 2.765 ae 
Rate of Taper 1.1 ena: 
Taper Ratio 0. 200 ia ay 
Dihedral Angle, degrees (@ TE of Elevon) 2500 a 
Incidence Angle, degrees 3.000 wet, 
Aerodynamic Twist, degrees ~__+3..000 Reo 
Sweep Back Angles, degrees 
Leading Edge 4,5 .000 45.000 
Trailing Edge -10, 24, ere 
0.25 Element Line Aen 35909 
Chords: 
Root ead B.P.0.0, 689.24 L2.06170 
Tip, (Theo) B.P. 137,85 2412 34 
MAC £74.28) 8.30918 
Fus. Sta. of .25 MAC Wb ey 124,895 58 
WLP. of .25 MAC he 5 a! tx) 
B.L. of .25 MAC ; teen! 4,105/26 
EXPOSED DATA 
rea neo ) Ft 1752.29 0.536604 
Span, (Theo) In. BP108 79 fa .OTTS 
Aspect Ratio 2.058 ee ae 
Taper Ratio O.°451 Oo eT 
BP108 
oot 62.40 9. 8420 
Tip 1.00 b 137.85 2.41238 
MAC 393.03 &. 87802 
Fus. Sta. of .25 MAC 5. 1 20, 74292 
B.L. of 025 MAC 251.76 2 51980 
Airfoil Section (Rockwell Mod NASA) 
Root b = pee? 0.10 0.10 
Tip e 0.12 0.12 
rd nee Se TR TT AED 
Data for (1) of (2) Sides 
Leading Edge Cuff 2 
Planform Area Ft IE Sle a BWC 
Leading Edge Intersects Fus M. L. @ Sta Raa 9, SOO 
Leading Edge Intersects Wing @ Sta 1635.0 16.112 
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TABLE III. - Continued. 


MODEL COMPONENT: ELEVON- E22 


me a hp a a GS 


GENERAL DESCRIPTION: 3 configuration per W103 Rockwell Lines Drawing 
VL70-0001 data for (1) of (2) sides. 


en SS LL ee 


SCALE MODEL: 0.0175 


DRAWING NUMBER: VL70-000139 


DIMENSIONS: FULL SCALE MODEL SCALE 
Area - ft" | 205.92 _0.0629/ 
Span (equivalent) - In. 353.34 6.18345 
Inb'd equivalent chord 114.78 2.00865 
Qutb'd equivalent chord 55.00 0.96250 


Ratio movable wurface chord/ 
total surface chord 





At inb'd equiv. chord .208 .208 
At outb'd equiv. chord 400 400 


Sweep-back angles, degrees 








Leading edge 0.00 0.00 

Trailing edge - 10.24 - 10.24 

Hingeline 0.00 0.00 
Area Moment (Normal to hingeline) - ft3 1548 .O7 0.00829 


(Product of Area Moment) 
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MODEL COMPONENT: 


TABLE III. - Continued. 


VERTICAL, V7 (Lightweight Orbiter Configuration) 


GENERAL DESCRIPTION: Centerline vertical tail, double-wedge airfoil with 
rounded leading edge. 


NOTE: Same as V5 but with manipulator housing removed. 


MODEL SCALE; 0.0175 


DRAWING NUMBER: VL70-000139, VL70-000095 


DIMENSIONS: 
TOTAL DATA 

Area (Theo) - £t© 
Planform 

Span (Theo) - In. 

Aspect ratio 

Rate of taper 

Taper ratio 

Sweep-back angles, degrees 
Leading edge 

Trailing edge 


0.25 Element Line 


Chords; 
Root (Theo) wP 
Tip (Theo) wP 
MAC 


Fus. Sta. of -25 MAC 


W.P. of .25 MAC 
B.L. of .25 MAC 


Airfoil section: 


Leading wedge anble - deg. 
Trailing wedge angle - deg. 


Leading edge radius 


Void area - Fr 


Hlanketed area 
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FULL SCALE MODEL SCALF 








425.92 0.13044 
15.72 - 52510 
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25.6ll2 
522 1l.lel 
0.00 0.00 
10 .000 10.000 
14.920 ~ 14.920 
€.0 __9:0350 
13:17 ___ 0.00403 | 
9:00 Q.00 
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TABLE III. - Continued. 


. COMPONENT DIMENSIONAL DATA 


MODEL COMPONENT: RUDDER - R 
Pa 
GENERAL DESCRIPTION: _2A, 3 and 3A configuration per Rockwell Lines Dravi } 


VL{0-000095 
a 





| MODEL SCALE: 0.0175 


DRAWING NUMBEK: VL70-0001339, VL70 -000095 


DIMENSIONS: FULL SCALE MODEL SCALE 
Area - fPt© 106. 38 0.03258 
Span (equivalent) - in. ___ 201.0 3.5175 
Inbd'd equivalent chord 91.585 1.60274 
Outb'd equivalent chord 20-833 0.88958 


Ratio movable surface chord/ 
total surface chord 





At inb'd equiv. chord 0.400 0.400 

At outb'd equiv. chord 0.400 0.400 
Sweep-hack angles, degrees 

Leading edge: _ 3.83 34.83 

Prat} fag edge £6.25 26.25 

Hinge line 34.83 34.83 
Area Moment (normal to pingeline) - rt3 526.13 0.00282 


Product of area and mean chord 
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TABLE III. - Continued. 


MODEL COMPONENT: EXTERNAL TANK - T10 


eee ve! 


GENERAL DESCRIPTION: _External Oxygen-hydrogen tank, 3 configuration, per __ 
Rockwell Lines drawing VL78-000041 and VL72-000088 





MODEL SCALE: 0.0175 


DRAWING HUMBER: VL72-000088, VL78-000041 


DIMENSIONS: FULL SCALE MODEL SCALE 
Length - In. (Nose @ Xp = 309) | 1865 32 .63750 
Max. width (Dia) - In. a 5.670 
Mex. depth sia oe 
Fineness Ratio 5.75617 5 - 75617 
Area - £t* 

Max. Cross-Sectional 572-555 0.17534 
Planform 
Wetted 
Base 
WP of Tank Centerline (Xp) In. 400.0 7.00 
32 
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TABLE III. 


MODY Ge COMPONENT: (MPO. NOC. SN 


athe Lb DkoCRIPTION: 


simulated. 


MODEL cCaLk: _ 0.0175 


De STNG NUMBILR: UL70-0001 39 


DIMGN. SION 3: 
Machi Ni, 
lifer 


giinaal Point 
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| een peel -_ 
* Plane 
Plane 
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Gimbal Point (.station) In. 
Upper Nozzle 
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Table [V. -Orbiter T/C Locations. 
Model 22-OT 
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Table [V.(Cont'd) Orbiter 
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APPENDIX 
TABULATED SOURCE DATA 


Recovery Factor = 1.0 
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Components are designated by the 4th character in the dataset identifier. 


T tank 

B orbiter fuselage 

L bottom wing surface 

U upper wing surface 

V vertical tail 

N left main nozzle 

R RCS center 

p base plate 

M OMS pod 

Y orbiter fuselage, Y = 0.875 
C wing upper crease 

F orbiter fuselage, Y = 7.525 
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